SUMMARY Studies performed in 47 patients, 11 of whom underwent surgery for aneurysmectomy and 36 of whom underwent cardiac transplantation, were reviewed to assess the diagnostic accuracies of cross sectional echocardiography and cineangiography in detecting left ventricular mural thrombi and the effect of anticoagulation treatment on the incidence of such thrombi. Cross sectional echocardiography in 37 patients and cineangiography in 26 (16 patients were examined by both methods) were analysed independently by sets of two observers experienced in the respective methods. All four observers were blinded to the pathological or surgical findings regarding mural thrombus. Mural thrombus was confirmed by pathological investigation in 14 of 47 (30%) cases; 11 of these 14 patients had intra-aneurysmal thrombi. The negative predictive value was quite good for both methods, but cross sectional echocardiography had a superior positive predictive value. This was due both to detailed soft tissue resolution by cross sectional echocardiography and to overdetection of mural thrombi by cineangiography in cases of aneurysms without mural thrombi. Mural thrombi were present in three of 20 patients with preceding anticoagulation and in 10 of 19 patients without anticoagulation. The results emphasise that cross sectional echocardiography is more reliable than cineangiography in recognising thrombi.
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Recognition of left ventricular mural thrombi may be important before cardiac surgery or when anticoagulation treatment is considered. Recent experience has shown that cross sectional echocardiography is useful in detecting left ventricular thrombi.'-6 Left ventricular cineangiography has also been used to diagnose this problem.78 There have, however, been few systematic studies to examine the diagnostic accuracy of either cross sectional echocardiography or cineangiography in the detection of mural thrombi.9-'3 In addition, controversy continues regarding the relative superiorities of echocardiography and angiography in the diagnosis of mural thrombi. This study is a retrospective analysis of the diagnostic accuracy of the two methods.
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Accepted for publication 3 August 1984 Patients and methods Between January 1980 and March 1983, 107 patients underwent open heart surgery for aneurysmectomy or heart transplantation at Stanford University Medical Center. Fifty six of these patients underwent either cross sectional echocardiography or angiography or both at Stanford before surgery and were our initial study population. In this group five patients who had technically limited echocardiograms or angiograms were excluded, and another four were finally excluded because definite pathological confirmation regarding mural thrombi was not available. Finally, 47 patients (11 undergoing aneurysmectomy and 36 heart transplantation) were available for our study. They comprised six women and 41 men with a mean (SD) age of SSH-10A, or Irex System III ultrasound imaging system, using a 2-5 MHz or 3 5 MHz medium or short focused transducer. Echocardiograms were interpreted independently by two experienced observers who were blinded to the radiological, pathological, or surgical findings regarding thrombus. The cross sectional echocardiographic criteria for mural thrombi were: (a) one or more masses of echoes adjacent to the left ventricular wall but distinct from the endocardial echo; (b) different visual texture of echoes from the adjacent myocardium; (c) asynergic motion of the adjacent ventricular myocardium; (d) occasional mobile projections from the mass into the ventricle; and (e) location of the abnormal echoes, usually at the apex. After the initial blind reading had been done by each observer the final decision on the presence or absence of mural thrombi was made by consensus.
LEFT VENTRICULAR CINEANGIOGRAPHY
Left ventriculography was performed in the 300 right anterior oblique projection at 60 frames/s with high resolution caesium iodide intensifiers (Siemens or General Electric). Cine recording of radio-opaque grids at the end of every case verified a minimum of two line pairs/mm resolution. Cineangiography was performed in 26 patients within five (1.6 (1*5)) months before the operation and was analysed independently by two experienced radiologists who also were blinded to the echocardiographic, pathological, or surgical information. A final decision was made by consensus. The diagnosis of mural thrombi by contrast ventriculography was based on (a) a filling defect persisting throughout the cardiac cycle and (b) a smooth ventricular outline with apparent truncation or loss of normal left ventricular shape.
PATHOLOGICAL AND SURGICAL CONFIRMATION
The pathology reports reviewed for this project included the presence, absence, size, location, and general histological findings of the mural thrombi as well as reports of any associated ventricular aneurysm. In the event that necessary information was missing from a patient's initial pathological report on file, hearts from the transplant recipients were reexamined by the pathologist for the purpose of this study. Surgical findings of mural thrombi during aneurysmectomy were available in the patient's medical records in the operative reports.
STATISTICAL ANALYSIS
Sensitivity was calculated as true positive/(true positive + false negative) x 100(%); specificity as true negative/(true negative + false positive) x 100(%); positive predictive value as true positive/(true positive + false positive) x 100(%); and negative predictive value as true negative/(true negative + false negative)
x 100(%). Fisher's exact probability test was used to compare the interobserver differences in the analysis of the presence or absence of mural thrombi by echocardiography and cineangiography. The incidence of mural thrombi in the group treated with anticoagulant agents and the untreated group was compared using x2 analysis with Yates's correction. 14 Significance was defined as a p value <0.05.
Results
Of the 47 patients studied, 24 had coronary artery disease, 19 primary idiopathic cardiomyopathy, two valvar heart disease, and two congenital heart disease. A left ventricular thrombus was confirmed in 14 of the 47 (30%). The incidence of mural thrombi in coronary artery disease and in cardiomyopathy was 50%/o (12 out of 24) and 11% (two out of 19) respectively. Eleven of the 12 thrombi in the patients with coronary artery disease were within aneurysms. The sizes of the thrombi varied from 1.5 cm3 (2.Ox 1.5 x05 cm) to 65 cm3 (radius 2'5 cm, sphere). The thrombi noted in the two patients with cardiomyopathy were both remarkably large with partial adhesion to the left ventricular wall and extension well into the ventricle. Thirteen thrombi were located in the apex and one at the posterior wall; 11 (79%) of the 14 thrombi were intra-aneurysmal. All the thrombi seen in the aneurysms were overlying the aneurysm bed and were firmly attached to the scarred myocardium or were identified under an endothelialised surface of the organised thrombus. The thrombi associated with myocardial aneurysms were all laminated and did not protrude into the ventricle.
There was observer disagreement regarding the interpretation of mural thrombi on echocardiograms in five cases (the consensus reached was two positive and three negative) and on cineangiograms in four cases (consensus reached was all four negative). The interobserver differences were not significant.
CROSS SECTIONAL ECHOCARDIOGRAPHY
Of the 37 patients evaluated by cross sectional echocardiography, 10 had true positive cases of mural thrombi, three false positive, 22 true negative, and two false negative. Thus sensitivity was 83%, specificity 88/o, positive predictive value 77%, and negative predictive value 92%. In the true positive cases the actual sizes of mural thrombi, as determined by pathological investigation, were closely estimated by the measurements made with cross sectional echocardiography (Fig. 1) . A large mural thrombus was, however, appreciably underestimated in size in one instance (Fig. 2) . The smallest mural thrombus detected by cross sectional echocardiography was 2 x 2 x 1 5 cm. Mural thrombi were clearly differenti-37 ated from papillary muscles and muscle bands by their size, shape, and location. The pathological findings in the two patients with false negative thrombi both showed small thin thrombi attached to the apical endocardium, which were not visible on our echo studies. Endocardial fibrosis and localised thickened scar tissue without thrombi were found to be the basis of the false positive diagnoses (Fig. 3) . Localised calcium in a mass of echoes at the ventricular apex was noted in one false positive case, in which the calcium was in pure scar tissue without associated thrombus.
CINEANGIOGRAPHY
Of the 26 patients who underwent cineangiography, five had true positive, six false positive, 12 true negative, and three false negative cases of mural thrombus. Thus sensitivity of the technique was 63%, specificity 67%, positive predictive value 45%, and negative pre- 
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.A 40 dictive value 80%. In all three false negative and four of six false positive cases there were associated left ventricular aneurysms. Thus most cases of misdiagnosis of mural thrombi by cineangiography were related to the presence of ventricular aneurysms (Fig.  4) . The relatively high number of false positive cases resulted from the misinterpretation of contrast filling defects caused by aneurysms with rough surfaces and abnormalities of segmental wall motion. The factors related to the relatively low sensitivity of angiography compared with cross sectional echocardiography were obscuration of small mural thrombi or incomplete mixing of contrast medium within the apex. The factors related to the low positive predictive value were difficulties in distinguishing trabeculation from mural thrombi (one case), irregular ventricular contour due to prior aneurysmectomy (one case), and aneurysms with irregular walls (four cases).
ANTICOAGULATION TREATMENT AND MURAL THROMBI
Information regarding the presence or absence of anticoagulation treatment was available in 39 patients. Sodium warfarin, heparin, sulphinpyrazone, or dipyridamole were considered to be anticoagulants. Mural thrombi were present in three of 20 patients who had received at least four weeks' treatment with anticoagulants before heart surgery and in 10 of 19 patients who had not received anticoagulants (p<005). Treatment with anticoagulants was begun after primary embolic events in four patients. None of these patients had subsequent emboli. Ventricular thrombus was sought and found by echocardiography in only one patient at the time of primary embolism.
Discussion
The presence of left ventricular mural thrombi may be assessed by several diagnostic methods including angiography, M mode and cross sectional echocardiography, radionuclide scintigraphy, and computed tomography. The first angiographic observation of mural thrombi in coronary artery disease is attributed to Hamby et al in 1974.7 They showed the angiographic features of mural thrombi: "the apex appeared sharply cut off during both diastole and systole," and "the apex appeared completely obliterated by an irregular, non-uniform density." The early experience with M mode echocardiography showed a limited ability of this method to detect apical mural thrombi except when thrombi protruded into the left ventricle.' [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Cross sectional echocardiography has proved to have an advantage in recognising mural thrombi that are predominantly at the ventricular apex. Previous studies, however, were done with early equipment, and uniform criteria for mural thrombi by Takamoto, Kim, Urie, Guthaner, Gordon, Keren, Popp either echocardiography or cineangiography were not established previously.'-318 '9 Our study was performed with generally accepted criteria on images of high quality from modern angiographic and echocardiographic instruments. Ezekowitz et a120 and Stratton-et a12' reported their experience with radionucide scintigraphy (platelets labelled with indium-Ill) for detecting left ventricular thrombi as highly specific (specificity 88-99%) but with relatively low sensitivity (60-77%). Computed The diagnostic accuracy of cross sectional echocardiography for mural thrombi in our series (sensitivity 83%, specificity 88%) was in the range previously reported (sensitivity 72-95%, specificity 86-90%) by others.9-"l The size and location of mural thrombi were well estimated by cross sectional echocardiography, except in one case of a large fresh homogeneous thrombus (Fig. 2) . The discrepancy in this case between the echocardiographic and pathological findings was probably because of the low and uniform echogenicity of the fresh thrombus.2425 The reasons for the misinterpretations of thrombi by echocardiography, compared with pathological findings, have been discussed in the results section and may be limitations that can be addressed by further improvements in diagnostic echocardiography. We found that the medium range focused transducers occasionally masked the near field with extraneous echoes at standard gain settings. We have recently used both medium (6-8 cm) and short (2-5 cm) focused transducers routinely when abnormal echoes have been suspected in the ventricular apex. A short focused transducer may help in difficult or equivocal cases by improving the image in the area near the transducer.
LIMITATIONS OF ANGIOGRAPHIC DIAGNOSIS
The diagnostic accuracy of angiography for mural thrombi in our series (sensitivity 63%, specificity 67%) was in the range of previous reports (sensitivity 31 -73%, specificity 7592%).12 13 
